components, in providing bi-directional data services to mobile DFT and inverse DFT (IDFT) blocks at the transmitter and users. In such 'evolved S-UMTS' architecture, compatibility with receiver, respectively. Depending on the ratio between the current (CDMA based) and future (OFDMA/SC-FDMA) based) number of DFT sub-carriers and the number of IDFT sub-T-UMTS physical layer techniques is of high relevance, if satellite carriers at the transmitter, the DFT spreading cancels the networks are to assume a complementary role to terrestrial ones.
'
In this paper, we resulting signal is given as: Furthermore, the investigation of a CAZAC (Constant y = T H 0T F-MQu + TRn Amplitude Zero Autocorrelation) pilot sequence in the nonl l linear channel estimation for SC-FDMA is also included
The effect of the inclusion and removal of the CP is that the Finally, Section IV concludes the paper. effective channel matrix H has a circulant structure:
with the help of matrix notations [6] . Thereafter, the 
h(L)
...
hh (0) The discrete base-band model of a standard SC-FDMA Since, any circulant matrix is diagonalized by the FFT matrix:
system was incorporated for analysis, as shown in Figure 1 . as:
Provided that timing is recovered accurately at the receiver, = X + NR the received signal is given as:
Where z and x. are the received signal at the ith sub-carrier y=H0x + H1xi1
(1) and its corresponding estimate, respectively. Finally, the where n is a vector which contains samples of the Gaussian eqaie sybo is desra usn h DT prto n noise (zero mean and variances of 62). In (1), it is assumed this followed by demodulation and detection in the time that the channel is modeled as an FIR filter of L +1 taps; For the simulation of SC-FDMA, the sub-frame format and transmission parameters defined in [2] were adopted. The subThis section provides the simulation parameters used in this frame format is shown in figure 2 ; each sub-frame consists of 6 study and the corresponding frame structures used both in SC-long blocks obtained from the IFFT operation and with the FDMA and WCDMA (HSUPA). Furthermore, these corresponding CP insertion, 2 short blocks carrying the simulations were performed on three different multi-path reference signal are multiplexed in between the long blocks as channel profiles: a). satellite only with Line of Sight (LOS), shown in Figure 5 . b).satellite only with Non-Line of Sight (NLOS), and c).satellite with three terrestrial repeaters (urban environment). [2] .~~~~H owever, the overall performance of the two systems is similar to Figure 6 Concerning this in-band distortion, it is obvious from Figure 8 introduced by the TWTA amplifier. This is demonstrated in that this can be perfectly corrected via channel estimation. Figure 10 with an IBO of 0 dB (i.e. at saturation point) is used This is explained by the simulation results, as the results from in all cases. It is also observed that the pre-distorter gives only Figure 8 are almost identical to those presented in Figure 7 . a small performance advantage, which is very much identical On the other hand, in SC-FDMA, there is a significant to the performance already, obtained using the CAZAC variation in the amplitudes of the signal samples and thus sequence. Therefore, the use of CAZAC sequence gives the results in performance degradation compared to the results same performance advantage as the polynomial pre-distorter. presented in Figure 7 . The important point here is that theV.
performance of the SC-FDMA system, in the presence of non-V. CNLSO linearity, depends substantially on the structure of the pilot
In this paper, we have studied, via simulation, the sequences used for channel estimation. In particular, if the performances of WCDMA (HSUPA) and SC-FDMA in the selected sequence is characterized by high PAPR in the time return link of an evolved-S-UMTS architecture that includes domain (after IFFT), then large portion of its energy will be terrestrial repeaters. saturated by the TWTA, resulting in poor channel estimation.
We We have also shown that the in-band distortion introduced Subsequently, Figure 9 shows small performance by the TWTA is perfectly compensated by channel estimation improvements are achieved with the CAZAC sequence.
in WCDMA whereas, in SC-FDMA, 1. 
